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Ijb  this  paper  Y.ie  rptiaes*  sises  of  B»  1,/D.S. 

shot  and  k.'f.fn.S,  Tungol  .:=  o-nmr  for  perforating  srweur  plats 

are  date  reined. 

It  is  shown  th.  4 the  values  are  given  apjwtadtaat^y 
by  the  r*t  toe  l - 

Shot  oslibre/it  11  cellbrv  V 

*w«sten  oor»  < «1  ibr*/full  cid  ibre  «Q*  f 

bwt  wore  accurate  values . which  depend  upon  the  ballistic 
Wights  wA  the  range,  ci*n  he  determined.  It  is  conaludad 
also  that  slight  reduction  in  these  ratios  may  be  adopted  if 
necessary  without  ssriouiOy  reducing  the  thickness  of  plate 
perforated. 
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TEE  BKIMIMIJCXe*:  T3S  (UOTKM  312®  OP  A,P„C.B.C,/b.S.  SHOT  AND  OT 

IcES  TT3NS3G?M;  f» ES  C T V.P.AhS.  EBDJBGTH®  FOR  MAXIMUM 


HvF  RATION  OF  ARMOUR  PUTS 


Introduction. 

Discarding  '*■:  ot  Pro.  it  ilea  cccprise  in  the  main,  a shot  of  callteft 
smaller  than  the  gun  a i fitted  ?ith  & light  alloy  body  (the  discarding  safest) 
whose  calibre  suits  tb  31m  fcoiv  and  centres  the  shot. 

By  this  cons*  motion  higher  velocity  is  given  to  the  shot  than  wod 
be  obtained  if  fired  ’’nan  a j.un  . f calibre  equal  to  the  shot;  and  the  velocity 
at  the  targ^  ’.ould  h -nrre  ingly  higher  for  perforation. 

Perforation  •’  thi  tar.et  is  dependent  upon  the  weight,  di&'aetsr  and. 
velocity  of  the  sho1  a*  it  :s  possible  to  design  a D.S.  projectile  with, 

varying  siaes  of  she  ’.  is  required  to  know  the  best  nine  vrhach  will  effect 
naximum  perforation  - he  plate. 

issunptions. 

The  assumpt:  t.v  s mule  in  this  paper  are  those  also  given  in  A»R,E* 
Weapons  Branch  V ao  K ) 1/5'' 

(a)  Internal  ball! otic  relation*" 

(Projectile  weigh’  plus  half  the  charge)  times  the  square  of  tbr 
muzzle  velocity  . s constant  for  the  same  charge  at  all  velocity 

(h)  Shatter  does  rot  o cur  i.  any  case 

Jt 

(c)  The  projectiles  ar ; stable 

(d)  The  weight  of  the  li scare  Lng  components  of  the  proj^ct-Ues  is 

constant  for  she  name  type  of  projectile 

(e)  loglt>C  used  in  th  D*  Man  formula,  for  a given  angle  of  impact. 

is  cor jP1. 

f)  r, l.e  bt ui/le  'veloci  .-es  considered  cover  JJQO^sx&O  tt/aeo* 

I.  .•  _l.o  stated  "-hat 

(a)  is  e near  enough.  ^ ,pr oximat ion 

(b)  is  an  ant  icipatio'- 
' 0)  can  be  m*&e  true 

d)  A,E,E,  mil  A.D.  S.  rind  from  experience  that  this  is  reasonably  t it.* 

e)  this  Lj»s  not  btrer  onvinoingly  disproved  by  experiments 


tan—  2 TgtogjfiE  jaggjgj* 

Tbs  normal  **thf*  ! sr  determining  the  Telocity  of  shot  at  various  ranges 
.a  that  <S*»  to  Steed. 


This  method  does  v lead  itself  to  being  introduced  into  the  problem 
and,  in  tbs  foliosing,  s star  . equation  relating  rsage  sad  velocity  is  obtained. 

n 

Oas  fore  of  the  i tb  tunos  equation  is  £pCqY*A(^)  , vhere  "a"  is  ths 
velocity  of  sound  in  air. 

Ths  Text  Book  of  'it.  - titles  and  C ternary  1966  also  states  that  a reason- 
able fit  for  velocities  be  aae  3700  and  6000  ft/aec  is  given  by 

Basis  taros  ft* 


Hsnoe  am  osn  3 r>-  latanok  in  the  fora 

- 

share  E and  Et  are  ball! at  or  i tarts  and  th^lquatlon  of  motion  may  be  witten 


il  (Ef  T“' 

ft  at 

Td?  I (Err  »-  ...  * 

7 lx  ■-  ^ 


vhicb  leads  to  X " £~;  Jj*'  ' Tx  ) (l) 

vhare  x ■ range  : ft 

Tjja  velool l,  at  t . ga  x. 

d ■ Hamate  of  hr  y in  ft. 

f h esight  h <£  In  lb. 


Table  I gives  th  va.,u»  of  E,(Er)  determined  froa  the  results  obtained 
!>jr  the  Slaool  method  for  f r : ub  - irojoctlles  at  the  ranges  500,  3000  and  2000  yda. 


TABU  Z 


Jhb 

Projectile 

f 

lb. 

d 

Ice. 

X 

f‘.«t 

k 

Kean 

*i(M 

Mean 

Ej(Eo) 

l 

6.76 

2,06 

15c 

5230 

5032 

.1676 

.9251 

n 

U.S 

2.515 

15a- 

4700 

4536 

.1687 

.9122 

c 

16,32 

2.675 

150c 

4400 

4249 

.1680 

sl»Q5 

.9009 

• 9048 

a 

21.82 

3.062 

150c 

3910 

3783 

.1690 

.8812 

i 

6.78 

3000 

5230 

4835 

.1678 

.9228 

9 

01.3 

2.515 

3000 

4790 

4373 

.1668 

.90% 

0 

14.32 

2.675 

JD0C 

*400 

4100 

.1683 

•loo) 

.8949 

♦ 9®3 

•' 

21.62 

3.062 

JDC'i' 

3910 

3658 

.1683 

.8742 

A 

6.78 

2.06 

600.3 

5230 

.1680 

.9158 

ft 

11.6 

2.51* 

60r>;> 

4700 

4050 

.1690 

tfaf 

.9039 

C 

14.52 

2.675 

60C<' 

LLim 

3804 

.1684 

•ioOb 

.d889 

.8948 

0 

21.62 

3.062 

600. 

3910 

3406 

.1688 

.870? 

.1685  .9 


Taking  th..-  meat'.  of  M** 

* * {f*  ~*x  ) ehean.  4 is  in  last**  (2) 

x Is  in  yards. 


4 eispler  for*  mey  be  produced  tor  assuming  the  resistance  varies  as  the 
velocity  thus 

Besiatanoe  a X9(Xc)d*V 

giving  x * ^f7*-7*)  *faer8  * * £»*  (3> 

The  values  of  Ka(Xcr)  are  also  given  in  Table  1 showing,  they  are  reasonably 
constant.  Using  the  ae*n  value  we  have 

i * ^*CV**)  U) 

where  X is  in  yards 
W is  in  lb 
d is  in  ins. 

V is  in  ft/seo. 

The  projectiles  considered  in  this  paper  have  the  ante  (Xo)t  value  of 
1.1  and  therefore  equation (4)  will  be  used  throughout.  If,  however,  the  forts  of 

the  shot  is  changed,  giving  a new  value  (lo)a  the  range  1 as  determined  by 
equation  {4)  ia  changed  to 


The  A.P.C.B.C./te. 3.  Projectile  - Optimum  31sa. 

1.  Baaed  on  the  Full  Calibre 

In  this  aaaeomaent  the  weight  of  the  Ballistic  cap  is  included  in  the 
weight  or  the  body  considered  as  perforating  the  target.  This  may  not  bo  atriot- 
iy  true  but  as  itn  weight  is  a small  fraction  of  the  shot  weight  the  error 
resulting  Is  probably  small.  i typical  form  of  the  projectile  is  shown  in 
Mg.  1, 


JUt 


Diameter  cf  Full  calibre  shot 
Dimeter  of  sub  calibre  shot 
Weight  of  Full  calibre  shot 
Weight  of  sub  calibre  shot 
Weight  of  discard 
Weight  of  projectile 
Weight  of  charge 
Muxsle  Velocity  of  F.C.  shot 
Musale  Velocity  of  sti>  shot 


kdj* 


= <*1 
« 
a 

st  Wa  sr  kd 

a W,  (corstant) 
= C (constant) 


Then  ter  constant  energies  as  implied  in  assumption  (a) 


(»,  ♦ |)  V - 

where  X * c^/dj 


r,  . t,  * 

,1,  C W* 

**a%*  r, 

We  alec  have,  Xquaticn(4),  I ■ -7*) 

and  M lines  perforation  equation 

c,&1M 


(5) 


(6) 


WJi**  theaa  equations  to  the  Fall  calibre  and  aa*  calibre  shot 

MLSiMite  «*>«*** 

om  *8  — c 


Hsnos  the  ratio  I*r' 1j 
*1 


To  find  tha  optima  S,  w-  * 0 which  fros 

(7)  giTWW  ®* 


-715  -2  {£»♦  l<lKa0i 


where  a ■ 1 ♦ 


v O 

b * ar  + tt 

i « s^/\ 

h " &5S  Wj, 
f - [rt  - h ]®*» 
, . 285h 

1 * VTi 


It  *111  be  M«n  l*t*r  that  the  effect  at  the  third  tana  la  anal!.  though 
not  entirely  negligible,  and  neglecting  this,  a first  approximation  fr on (8;  gives 

*o  - . 969  !/b  { 9) 

Variation  of  the  ration  £?  with  the  Bang*  Z 


redness 


lor  any  ratio  X a 3*  the  ratio  of  v®  may  be  detarmlned  fro®  ( 7)  which 
to  **  ^ A 

« „,«**,  " i-fcg)  !«*■ 

I;  ■ (Id  *— 1 - iff^bgr  <w> 


Thaaa  equations  will  no*  bo  applied  to  current  problem*. 


fjHMlll  X 
SSSESESZmmm. 


Diaaetear  of  guo  *#  J«>  in*  » dt 

filjeaUr  of  20  Pr.  eotr-projectlle  ■ 2.08  ins 

M.T.  of  30  Pr.  . 3020  ft/aeo. 

Ohaert*  weight  • 9.8  lb.  » C 

*«i*«  of  aub-afcot  and  cap  * 5,2  Ih.  « f, 

•eight  of  the  discard  « 2,0?  lb  « W, 

These  particular*  apply  to  the  sedating  design  which  Mgr  be  the  opt  law®  alee. 

The  following  will  shew  what  the  option*  a&ae  is. 


5 


tins  weight  of  » Full  Calibre  shot  » 5,2(Hj]  * 20.8  lb  * ft 

Squsting  Energies,  *‘WSI 

(5.2  ♦ 2.03  ♦ 5020*  * (20.8  ♦ ^)Tt* 

Velocity  of  F.O.  shot  a Tj  * 3440  ft/wae. 


Also 


b “ H30  * 20  a *2308  ^ *0976  " •>** 


Frx*  equation  (9)  the  optiaua  value  of  K to  first  approximation  i» 

K,,  » .969  V.3284  - 0.668 


or  the  optimist  sice  of  sub- shot  * ,668  x 3.3  * 2.2  Ins  and  not  2.08  ins  ss 
In  design  D2(L}6943- 


For  s ©ore  accurate  evaluation  cf  Ig  equation  (8)  is  used  «nd 
ocsssonci-g  with  a value  of  the  order  of  KQ  calculated  above  the  following 
tabulated  method  la  applied.  In  alternative  direct  solution  ir.  also  given 
in  the  appendix. 


K 

K * 


•ab 


.67  .68  .69  .7  .71 

.3006  . 3144  .3285  . 343  . 3579 
.62 92  . 6428  . 6569  . 6713  . 6863 
.7932  .8018  .8105  .8193  .8284 
.4780  . 4891  .5  . 5109  . 5215 

1.184  1.175  1.175  1.17  1.167 


Alan  t = At,  . 

*i8°  1 \mV  *iT656i, 

_ a ?ffi.  1?  Ja-fe 

" 3440x1,2308*  *1.656x20. 8 
» .OOOOZtfl 

So  for 


Iq.fJjK  a 50C 
(X  «2000 


♦.012  -.005 

♦.054  +.037  *.02  + .004 


-.008 


I s 500  yds  1 = .0118 

I = 2000  yds  * = ,0472 


3o  the  optima  for  range  of  500  yds  is  .677  x 3*3  * 2,23  ins 
for  range  of  2000  yds  is  ,703x  3*3  » 2,32  ins 


It  Is  near,  therefore,  that  the  optima  aise  depend*  upon  the  range 
hut  as  one  «!*«  of  ahot  only  cam  be  adopted  in  practice,  a oocpnxnise  for  the 
above  lr.  n diseseter  of  2,27  is  i.e,  % * .688. 

Frees  equation  (10)  the  ratio  of  ta/t*  =;ay  new  be  calculated  for  this 
scan  optimaa  sise,  an!  for  the  ranges  500  and  2000  yds. 


^58 


a 


1 


1 " 1 r.'S5V*  20.&3UD 


, g)**l.i6 


",  _ .0662  1 

_ " I“00005Xj 


For  range  X * 500  yds  e 

t . 2000  yds  . j.035  (—j^* 

So  at  300  yd*  the  sub-shot  i«  5^  better  than  the  F.C.  projectile 
and  at  2000  yds  the  sub  shot  la  better  than  the  F.C,  ji-cjectile  assasing 
as#  mptler  (e)  applies  i.e.  c,  a C, 


3K3S? 


msaisj' 


Dimeter  of  gun  * 105  Mb  * 4.134  In, 

Thio  shot  i*  * scale-up  of  tbs  20  Pr.  cub-shot  2.08  in,  dimeter 
cod  night  5,2  lb. 

Charge  night  ■ 18.5  lb. 
f eight  of  discard  a 4.2 2 lb. 

•sight  at  f.C.  shot  - 5.3^$)*  - 41.1  lb  * W4 

for  tin  aatimation  of  the  X.T,  of  the  f.C.  shot  the  only  Information 
available  for  a cub  shot,  and  the  charge  used  shore  (18.5  lb)  is  a nub-shot  and 
discard  night  of  19  lb  haring  an  K.T.  of  4400  tt/mo. 

Baaed  on  this,  the  velocity  of  the  f.C.  shot  is  given  by 

(W  ♦ t*5)  4400*  - {41.2  v T* 

\ » 5270  ft/sea. 

her  b ■ ♦ yy-y  * .2  ♦ 103  » .503 

And  the  optima*  else  to  the  first  approximation  is 

*d  « .969  vCJW  - .651  Jp 

or  the  optimal  siae  ■ .651  x 4.134  * 2*69  ins. 

Again  applying  the  tabular  method  to  obtain  more  accurate  value* 

l .65  . 66  . 67  . 66  I 6 . . .00002 


l 

.65 

.66 

.67 

.68 

‘■sdeSrai 

■■■A4a!a.,  „ 

* 1.656x41.1  “ 

i* 

.2746 

.2875 

.3001 

.3144 

**♦* 

.5776 

.5905 

.6038 

.6174 

for  X » 

500  yds  £* 

.01 

.76 

.7684 

.777 

.7858 

X „ 

2000 

yds  l*f 

.04 

s'A’vb 

.4754 

,4869 

.498 

.5093 

V K*+h/  x 

1.169 

1.164 

1.16 

1*155 

Iq.  te)jx-500 

♦.013 

-.004 

1*2000 

♦.046 

♦ .03 

♦.014 

-.005 

So  the  optima  aim  for  the  range  of  500  yards  ■ .656  x 4*134  **  2.72  ins 
for  the  range  of  2000  yda  » .678  x 4.134  * 2,81  ins 
or  a mean  of  2. 76  ins  or  I « ,67  and  the  ratio 

* -(?Jsh  1* 

1 rfer  tspwk 


1.17  i - — *S2_ 

L 1 - .£ 


» 


u 'sytafaS- 


Bor  X n SOO  yds 

X « 2000/4* 


fc-war' 

•i  . X.OJ7(JlJ«»* 


Bo  at  590  ydo  the  jsub-uhcrt  is  gE  bettor  than  the  F.C.  projectile  and  at  2000  yd b 
tbo  sub-tbot  ie  3i&E  better  then  the  /.C.  projectile. 


1.  Equation Reborn,  to  » :ftrwt  approximation,  the  optima  alee  relative 
to  the  F.C,  dee  is  given  by 

lo  ■ *969  V$ 

whenoe  b depends  upon  the  charge  weight,  the  discard  weight  and  weight  of  the 
F.C.  abot.  1 oloaer  valtaa  la  obtained  by  uaa  of  equation  (8)  but  the  axegpXes 
show  anna  ol early  that  the  optimal  alaa  varies  aa  the  range  Tories. 

2.  The  exasplaa  also  ahow  that  a rough  rule  for  the  optima  else  is  2/} 
of  F.C.  sisa. 

3.  Xquatinro  (U|  gif**  the  ratio  of  piste  thiokueaa  oapahle  of  being  perfor- 
ated by  the  sub-shot  sad  ?.  0. , and  shows  that  me  the  range  increases  this 
ratio  decreases  slightly. 

4.  Bquatioaa  C7)  *ni  (8)  show  that  the  optima  aise  ia  neither  affected  by  the 
angle  of  attack  0 when  this  is  oocstant  for  both  tbo  subahot  and  F.C.  shot, 
nor  by  any  diffarenoe  ia  the  lng10  0, 

Differences  in  the  values  of  log  0 would  hcwerar  xffecrt  the  perfora- 
tion ratio  t*/tt,  as  shown  ty  equation  Q£)  if  such  differences  existed.  S.l.B. 
however  consider  that  where  aiatilar  shape  ahot  me  used  log.  0Q  ia  reasonably 
constant  and  that  the  relat ionahip  between  lng.o0  and  t/d  given  in  Proc.  26399  - 
lotkoC  * * ♦ - 1)  - la  doubtful  far  general  uaa. 

3.  In  order  to  reduoa  any  argtaaout  as  to  the  effect  of  possible  differemoea 

between  logtg0f  and  the  weights  of  discards  (noting  that  in  foot  the  F.C.  ahot 
does  not  carry  a discard)  the  following  examples  approaches  the  problem  ss  the 
designer  would  do.  That  ia  ha  first  satlaatea  the  weights  and  obtains  tbo 
ballistics  for  a alas  of  shot  of  the  order  of  the  optima  also  and  then  with 
this  data  proceeds  to  datemlne  the  optima  alas.  By  so  doing  the  loglo0 
value  of  discard  weight  is  less  liable  to  waxy  with  alight  differences  in  shot 
aim. 


liter  native  Method  baaed  taxm  Dear 


estlaa 


In  the  following,  suffix  1 applies  to  the 
assaasHMort  and  suffix  2 to  the  optima  aim  shot. 


sisa  of  the  designer*  first 


Tentative  Design  of  3uh-cal 


Weight  of  eub-ahet 
Diacard  weight 
Charge  weight 
M.T. 


sub-shot  m W a id.*  ■ W_  ■ ML* 

light  - • W, 

Lght  m 0 m 0 

• Tt  w T, 

X la  again  the  ration  ^ but  related  to  ths  tsntativw  design. 


I quoting  Mosrgiss  (f,  * f , ♦ -5)  Tt*  a (Wa  ♦ W,  ♦ -|)  T,* 

■'•w 


IV OB  (v) 


X o 1,6% 

Vi  ’ rffcsk 


Iror  (6)  t, 


»,vA  co«  e 

**1^7  1 * 


vC 


X «\.656|S(Ta-Ttx) 

* . &»*X 

T**“  Ts  ' 

= 7>  ~ ok***  i 
t, . ^ygsfg? 

VmV*7 


and  the  ratio  S reduces  i<? 


(11) 


**r 


which  is  the  sans  form  <r.s  (iC)  but  the  values  are  ncnr 


- f . c 

* - 1 ♦ < * ?r; 

>■££* 

• Wf  . 0 

0 * wr*  ♦ w 

r t 

f.  (\  -h)A 

X • da/4, 

l - .285H/Tta* 

and  to  a first  approxi*«Uon 

K - .969  Vb  (13) 


*<juation  0-4  (1$  are  sjjsiUm*  to  l$»  {%  W tart  now  related  to  the 

Designers  tentative  also  estimate. 


This  alternative  as  tiled  ia  now  applied  to  the  prohlaras  of  examples 

1 and  2. 


f 


tac—plea  3 


This  ia  the  problem  of  suspl*  1 tot  oar 


Tentative  shot  diasetor 
Weight  of  thot  and  oap 
Weight  of  diaoard 
Weight  of  charge 
M.T.  of  shot 


2.06  In  a a i, 

5.2  lb  - »4 

2.03  33b 

9.6  lb  « 0 

5020  ft/aeo.  • T, 


for  a first  epgeesleatioo,  equation  (1%  gives 

b • . .923*  .3885  * 1.3X15 

a a 1 ♦ b « 2*3315 

t » .369  VOS?  ■ 3U06  or  cptUtt*  Nias  « 1.06  * 2*06  » 2.2  las. 
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now  tuting  (13)  to  obtain  more  accurate  value*  for  ranges  of  500  and  2000  yds 


X 

1*06 

1.07 

1.08 

1.30 

1.12 

. = «385g2>figl 

X* 

1.191 

1.225 

1.261 

1.351 

1.405 

1 1.656x5.2x5020x2.3115 

I*  *b 

2.502 

2.53? 

2.57 

2.642 

2.716 

= .oooqistx 

VS1*! 

L.5dl? 

1.593 

1.603 

1.625 

1.648 

x»A**b 

.476 

.4828 

.49 

•5057 

.517 

For  X 3 500  l = .0093 

1*492 

1.488 

1.485 

1.47? 

1.471 

X 3 2000  i = ,0372 

*<{(12) 

i 

f Xs'500 

♦ .015 

4.0048 

-.0077 

[x®2000*.056 

4.048 

♦.035 

4.CI8 

-.0035 

So  the  optlsui  also  for  range  of  500  yds  = 1.075  x 2.08  ■ 2.24  Ine. 

for  range  of  2000  yds  a 1,1175  x 2.08  a 2.32  ins. 


These  values  are  in  good  agreement  with  axenmlt  1. 

The  practical  optiaua  is  2.2?  ins  aft  before  b«e  T now  related  to  the 
tentative  design  aiae  is  1*091, 


Prom  11, 


''..r  X * 500  yds 
X . 2000  ydft 


1.091 


.a*** 


.966  1 - 

— 


if 


a 1.011 


rl» 


As  the  tentative  design  aiae  of  2.08  ins  is  close  to  that  of  the  optimum  nine 
of  2.27  ins,  it  is  now  wore  reasonable  than  before  to  consider  that  Oj  and  03 
(usually  given  as  log,  Cc  in  th»  perforation  fonsula)  are  constant,  and  W „ the 
discard  weight,  does  not  vary  ser 1 ou  a ly. 

It  is  also  to  be  noted  that  the  thickness  of  plate  perforated  by  the 
optimum  else  shot  of  2.27  diameter  compared  with  that  of  2.08  diameter  is 
0.i£  and  1. 1£  better,  that  is,  for  this  difference  in  diameters,  the  improve- 
went  is  areal 1. 


Example  4. 


This  is  the  problem  of  example  2. 


As  before,  the  20  Pr.  is  taker.,  but  now  as  the  tentative  design  sise. 
Thus  we  have 


Decimeter  of  sub-shot 
Weight  of  20  Pr.  shot  and  cep 
Weight  discard 
Weight  of  charge 


« 2.08  ine  s d, 
« 5-2  lb  » Vi 
m 4.22  lb  * W, 
« 16.5  lb  3 C 


Tbs  velocity  for  this  tentative  design  is  also  based  or.  the  projectile 
referred  to  in  example  2 vis.  weight  19  lbe  with  16.5  lb  charge  gave  a velocity 

U0C  ft/sec. 


SSC5SS7 


So  M.V.  of  the  (bent  20  Sr,  project  ila  is  giwen  hr 


(19  ♦ woo*  - (5.2  ♦ 4.22  ♦ ^-)  V 
T*  -5666 

b ■ * ■^sj~  * 1,586  ♦ *815  * 2,556 

* « 1 ♦ b » 5.398 

for  first  (g»proxi  nation  Kq  » .969  t^.398  = 1.297  fresafUJ. 
or  option*  a lot  » 1.297  x 2.06  « 2.7  in«. 


Doing  oq.  12  to  obtain  mere  aocunte  values. 


eo  hate 


la. 


X 

1.3 

1.51 

1.32 

1-34 

1.36 

X* 

2.197 

3.248 

2.3 

2.406 

2.515 

4.595 

4.646 

4.698 

4.804 

4.914 

2.344 

2.158 

2.168 

2.192 

2.217 

X*/K**t 

vWv* 

1 .475 

.4839 

.4896 

• 5 

.511 

1.649 

1.647 

1.642 

1.636 

1.6J 

02jjX  - 

500  (.014 
2000*. 05 

♦ .COl 
♦.037 

-.008 
♦ .029 

♦.012 

-.0046 

1 a 656x5. 

» .Q000144X 

for  X - 500  t = .0072 

X = 2000  l - .0288 


So  optiwis  aloe  for  rang*  500  yds  > 1.315  a 2.08  a 2.73 
for  rang*  2000  j&m  * 1.355  x 2.08  = 2.82 


or  a practice!  nwan  of  2.77  which  la  in  good  agreenant  with  example  2. 


fronpJk. 


1.331 

^■di)Ad3r>- 

/Ol\ 

* (-1 
\0  a/ 


1 - 


***  , .«72  [l  1* 


! . n.3«y.irf  3* 
1 " 

551] 


rftl 


far  X * 500  |»  « 

X . 2000  *!  « 1.063^ij*^* 

So  at  500  Jda  the  op  tierce  ahot  ia  3^t  better  than  the  tentative  da  algo  alee  of 
2.08  iaa  and  at  2000  yds  it  la  $6  better, 

Seoond  S— ary 


fkm  reanlta  obtained  ter  the  altemetiwa  Method,  which  relates  to  tin 
Deal  goers  first  design,  are  ia  ayaunt  with  tbs  opt  lee*  nine  dates*! ned  in 
ralatlon  to  the  f.C,  aiea. 


Xt  la,  booster,  to  be  noted  that 
projectile,  the  ratios  t^/t,  danreasee  tdthr 

' with  the  foeigners  tentative  alee,  nhicfc  la  bott 


alto  the  f.C. 
o*  ytwjtji  vut  1 


As  tor  the  A.P.C.B.C./DS8.  projectile,  the  first  object  in  the  following 
ie  to  detersdoc  the  opt  hem  alee  related  to  the  7.G.  else,  then  to  obtain  the 
equations  related  to  the  Designer's  tentative  design.  Tfeia  typo  of  D.3.  projeo- 
tile  ooemri eee  e shot  of  dense  Materiel,  a ballistic  cap,  a aheath  ifcdcfa  holds 
•hot  sad  cap  together,  an*  s discard. 


Typical  as  east  biles  of  the  7.0.  and  0.3.  projectile  ere  sheen  by  Tigs.  2. 
following  the  previous  set hod  we  havet- 


full  Calibre.  Projectile 


Core  weight 
Cap  weight 

Sheath  weight 

Charge  weight 
M.Y. 

Sheath  thickness 

Total  weight 
Disaster  of  f.C. 
Dimeter  of  core 

Let  Z - 


* *1  «x  kid  v*  Gore  weight 

* f * * kslj*  k|ktdf  Cap  weight 

a T<  ■ k JTt  a ktikd*  Sheath  weight 


’7 

(D-d  0/2 

7 » W*  ♦ Wee  W 4 

D 

d. 


Charge  weight 

M.Y. 

Sheath  thickness 

Discard  weight 
Dimeter  of  oars 
Let  K 

then  da/di 


Equating  energises- 

(V*  ♦*«♦-?)  T/  - *»B  * f-)  V 

vs  -[s*]*  . *[*]* 


■*[*]' 

a ■ 1 * k,  + k,  ♦ 

h a Hi  ♦ Mr 

n a (leka^k^A  * ■ 
a - a/n  -j^  ♦ |rt)  ¥~  * Z * l1  + If) 


- wT  - kid; 

. f 1 a ksW  - 
kekidS 

“ Wa  *.*^7  " 
k*kidj 
a 0 


- W. 

■ A*. 
a 4f  V 
K 
■7 


The  shape  of  the  D.S.  Projectile  in  flight  ie  the  erne  an  the 
l.P.C.B.C.  shot  considered  previously  end  henoe  the  relationship  given  by 
equation  (V)  applies 

, , 1-M4  I, 

The  target  velocity  for  the  7.C.  and  D.S.  Projectile  ani  therefore 


V * * 


rvw 


r*  “ I.656 


S»3e 

* 4-(D-d»)] 

’a*  “ Ta  - i7656(W^t,eWj 


rf(?d3- 


1.656  ^kjD  .1 
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Thickness  of  Flat#  Perforated 

tjp  » 


oo/e 


V Cg  d,*** 


and 


*r 


v o* 

■~mmw 

■ “^tr  -fc4['»fcti  J-rf^ 

• n [T»  * i ■ (#SJ* ' {*“] 


I iSl 


(15) 


whlah  Is  similar  to  equation  (£k 


' - [’’f-EwSre]*  ■ <*-!> 


where 


XD*Z 

I.656T 


Differentiating  (If),  and  equating  to  sero  as  before,  the  optimum  alae  ia  given  by 
.715  "2  f%i  ♦ 1 ^“g5^  - 0 (16) 


where 


Tbs  first  approximation  to  the  optimum  si se  ia  again  obtained  by  neglec- 
ting the  third  value  of(l6)  giving 


£ 


So  - .969  Vi  - .969Z  ^f^f) 


(17) 


With  this  as  a starting  value,  the  tabular  method  previously  used  can  be 
applied  to (16^  to  determine  more  accurate  optianxi  sixes  relating  to  varying 
ranges.  That!  the  rates  of  plate  thickness,  perforated  by  this  optima  sine, 
to  that  by  the  F.C,  oan  be  calculated  from (15)  whiah  reduces  to  the  form 


fit 


ZX 


Z . ID* 

1 ~ i.^WyJ 


fH 


(18) 


now  (17)  is  the  asm  as  (9)  with  the  inclusion  of  the  ratio  Z.  Free  current 
designs  the  value  of  Z 1a  of  the  order  .77.  The  rough  rule  for  A.P.C.B.C./D.S. 
shot  ia  4 F.C.  be  not  the  rough  rule  tor  A.P./D.S.  becomes 

| x F.C.  x .77  * i F.C. 

Alternative  Solution  baaed  on  Designers  Tentative  Design 

The  designars  A.P./D.S.  tentative  core  alas  oan  as  abeam  above  be  taken 
as  | F.C.  alae.  Proceeding  as  before,  we  haw  (see  fig.  3) 


Core  weight 
Cap  weight 
Sheath  esight 


Tentative  Design 

• W7  « k*d»* 

« V.  . tot,  . k.k.d,' 

* Sg  * hjjSf  « ktktd  y 


Alternative 


»*  « k»d* 

1.  . k,»,  - k^d.* 
f16,  k,*,  - k^d,* 


mam 
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M.T. 

Charge 

Sheath  thiokneea 
Me«rd  weight 
Dimeter  of  gun 
totid  weight  of  projectile 
Dimeter  of  aheath 


: ? 
: i: 


* We 
» S 

« *7  « % 

- d4 


Ja 

tg  * y* 

W,  «• 

D 

!»•*•*, +1^0  4-W,  - WA 


1 quoting  finer  glee  we  get 

TA  « ^ (^)* 


where 


" * Tt  <*T  ♦ f) 


■r-f. 


▼fc-T* 


X(da*2tw)* 


l,656l*^7»^] 


tax  * 7a  “ 


X|d«f2tf 


1.656(*» 


YT  -P 


" "I 


t,-  5 tA 

v Or  d,Mf 


14 * l(\«,)v£x  ooe9  o 

V CA  d *»7 


^M^KlK|6T 


wV"oir  f A r 7*.  _ 1 


The  optieue  elee  i«  given  by 


-nr  _ J *T  * . (*%«)*  0 

*715  2 (TO)  ♦ 1 - 0 


end  the  flret  approxbaatlon  by 

*o-.969V¥  . .969  VT*7* 

V *r*. 

▼erletion  of  ratio  tg/bp  with  Benge 

A*  before,  equation £19) reducee  to 

it-®*  J- 14!* 

L 1 ~ 


i 
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Conclusion* 

It  la  shown  that  rough  rules  for  the  optimum  alee  of  4. P.C.B.C./b.S. 
shot  and  A-P./t). 3.  ooraa  are  2/3  F.C.  and  l/2  P.C.  respectively. 

4 closer  value  ia  given  by  the  typical  equation 
optim*  siaa  ratio  K « .969  A*& 

share  A and  B relate  to  functions  of  dimensions  and  weights  of  either  the  P.C. 
projectile  or  Designer's  tentative  design. 

It  la  also  shown  that  the  true  optimum  sise  is  dependent  on  the  target 

range  and  1*  therefore  not  constant  for  all  ranges.  Sevartheless  for  practical 

reasons  the  sise  to  fc«  selected  must  bus  oceason  for  all  practical  ranges  and 
t rare  fore  a mean  value  of  the  extremes  calculated. 

The  examples  show  that,  though  the  optimum  sise  shot  gives  the  maxim im 
perforation,  the  rate  of  change  of  thickness  perforated,  with  variation  of  sise 
of  shot  around  the  optimus,  is  small. 

For  this  reason,  and  especially  when  eoenney  in  cost  and  material  la 

neoassary  it  swy  be  considered  sufficient  to  design  to  a shot  sise  slightly 

leas  than  the  optimum. 


t^^.Vwta.-i^-^ft'^jv  > t tWfflw  ,■**«??  rjr .i  f*-*  y-^'v. , iwfry^'  4**$ 


iwuprirr 


Ja  alteroetive  solution  to  solving  the  equations  (8^  (12^  &Q  and  (20}  all 
of  toich  srs  of  the  torn 


,715"2?^*  - 0 


and  having  to  a first  approximation  tba  solution 

K0  « .969  V*  (b) 

may  b«  obtained  by  uao  of  tba  Taylor  Theecnaa.  This  method  can  replace  ths  tabular 
method  used  in  the  paper. 

The  Taylor  expansion  is  given  by 


f( **h)  - f(x3  ♦ hf*(x)  vj^  f"(x) 


taking  tba  first  two  terms  we  have 


he  * 


Tram  the  equations  (a)  and  (b)  above  we  have 

Kij  . .715  - \ ,'MX\  ♦ i ib11 


«w-.w-l  r»  * 

*•«  •-!  #35*  ♦ ‘fe*  - 

••ey-ilSKS*  tSfe 


“ * 


.969*beb) 


.967M 


“ “ [VS  ♦ bV 

Hence  the  solution  baocnes 

.#»*  .—hh*z±£ ..  , 


■ [*> * d&M  *» 

■ [j.969  ♦ 1.2516  ib^J  b5  with  sufficient  aoourac jr  (o) 

for  example,  applying  this  to  example  1 and  for  the  range  X « 2000  yda.  we 
bad  b « ,32a  I • .<*72 

From  (a)  above  - Opt.  cine  ratio  « . 328l»*( . 9o9»l. 23l6x.OJ.72x. 382^ ) 

- ,6899<.969e.0485)  - .7027 
or  optimum  ai m » 5,3  * .70 2?  • 2.52  ina.  ti  before 

for  example  3 «•  bad  b ■ 2.5115*  end  * .0572  at  2000  yda  range 

e 

than  optimum  else  ratio  * 1*3115*  ( . 969*1-  23l6x,0372xl.  JU5^) 

• 1,0%6(.969*.043)  - 1.113 

Optlmus  alee  * 2.08  x 1.113  ■ 2 .32  ins.  as  before. 
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A PC  B.C./D. s PROJECTILE. 
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